We studied whether taurine has any regressive effect on existing atherosclerotic lesions and lipid peroxidation in rabbits fed on a high-cholesterol (HC) diet. The cholesterol, triglyceride, malondialdehyde (MDA) and diene conjugate (DC) levels, as well as the aortic histopathological findings were examined in rabbits that had been fed on a cholesterol-containing diet for 8 months [0.5% cholesterol (w/w) for 3 months and subsequently 0.25% cholesterol (w/w) for 5 months], and then for a further 4 months on a normal diet with or without taurine treatment [1% (w/v) in the drinking water]. High levels of lipid and lipid peroxide induced by the HC diet were observed to decline in the plasma, liver and aorta of atherosclerotic rabbits, as well as a slight retardation in aortic atherosclerotic lesions during the regression period. Although no significant differences in the lipid and lipid peroxide levels in the plasma and aorta were found between the regressed groups with or without the taurine treatment, the extent of atherosclerotic lesions in the aorta was less in the taurine-treated regressed group than in the non-treated regressed group. However, the liver MDA and DC levels were lower in the regressed rabbits with the taurine treatment in the non-treated group. These results indicate that the taurine treatment may accelerate the regression of cholesterol-induced atherosclerotic lesions in rabbits without having any effect on the plasma and aorta lipid and lipid peroxide levels.
Taurine (2-aminoethane sulfonic acid), a non-protein amino asid, is present in most mammalian tissues and cells and has a variety of physiological and biochemical functions.
1) Some investigators have suggested that taurine has hypolipidemic, 2,3) antiatherosclerotic 4-6) and hepatoprotective effects. [7] [8] [9] Although the mechanism for these effects of taurine is not clear, the effects may be related to its hypolipidemic and/or antioxidative effect. 1, 6) We have recently reported that taurine ameliorated cholesterol accumulation and cholesterol-induced oxidative stress in the plasma, liver, and aorta of rabbits fed on a high-cholesterol (HC) diet, and that this may have been related to its antioxidative effect, besides the reducing effect on serum lipids in this study.
10) We investigated in this study whether or not taurine has any regressive effect on existing atherosclerotic lesions and oxidative stress in rabbits fed on an HC diet.
Material and Methods
Animals and diets. Male New Zealand white rabbits weighing 2.0-2.5 kg were used for all the experiments. The animals were obtained from Eczacba s Pharmaceutical Company (İstanbul, Turkey), 20 rabbits being used in this study. The atherogenic diet was fed to 15 rabbits for 8 months. Atherosclerosis was induced by feeding the animals with laboratory rabbit feed supplemented with 0.5% cholesterol (w/w) for 3 months and subsequently 0.25% cholesterol (w/w) for 5 months. After a total of 8 months on the diet, 5 animals selected randomly were killed (HC group). The remaining 10 rabbits were divided into 2 groups and changed to normal feed for an additional 4-month period (regressed groups). One of these regressed groups received drinking water containing taurine (1%, w/v) during the regression period. In addition, 5 age-matched rabbits were used as a control.
Cholesterol and taurine were supplied by Sigma. Normal rabbit feed contained 11% moisture, 10% crude ash, 15% protein, 3.6% crude fat, 47% carbohydrate, 7.5% cellulose, 3.5% salt mixture (AIN 76) and 1% vitamin mixture (AIN 76) (w/w). Each diet was stored at 4 C. The animals were allowed free access to food and water and were kept in wire-bottomed stainless steel cages. The food intake was periodically controlled to avoid any differences between groups in the amount of y To whom correspondence should be addressed. Tel: +90-212-414-21-88; Fax: +90-212-635-11-61; E-mail: jbalkan@yahoo.com Abbreviations: HC, high cholesterol; MDA, malondialdehyde; DC, diene conjugate feed consumed. The experimental procedure used in this study met the guidelines of the Animal Care and Use Committee of the University of Istanbul.
Biochemical analyses. The animals were fasted overnight and then anesthesized with sodium pentobarbital (50 mg/kg, i.p.). Blood was collected in tubes containing EDTA by cardiac puncture. The plasma cholesterol and triglyceride levels were measured with kits from Sigma. The degree of endogenous lipid peroxidation in the plasma was assessed by two different methods: a) The malondialdehyde (MDA) level was determined according to the method of Buege and Aust; 11) b) The diene conjugate (DC) formation was measured in chloroform:methanol [2:1] extracts of the plasma. The extracted lipids were evaporated and dissolved in cyclohexane, and DC was measured at 233 nm.
11) The livers were rapidly removed, washed in 0.9% NaCl and kept in ice. Liver portions were homogenized in ice-cold 0.15 M KCl (10%, w/w). Lipids were extracted with chloroform: methanol.
12) After extraction and evaporation, the hepatic lipids were re-dissolved in isopropanol, and the hepatic cholesterol and triglyceride levels were assayed with the kits provided by Sigma. The degree of lipid peroxidation in the liver was also assessed by two different methods. First, the level of MDA was measured by a thiobarbituric acid test according to the method of Ohkawa et al.
13) The breakdown product of 1,1,3,3-tetraethoxypropane was used as a standard. Second, DC was spectrophotometrically determined in hepatic lipid extracts at 233 nm and calculated by using a molar extinction coefficient of 2:52 Â 10 4 M À1 cm À1 .
11)
Protein levels were determined by using bicinchoninic acid.
14) The aorta, from the aortic walve to renal artery, was quickly removed, rinsed and cut into small segments, and the aortic lipids were extracted with a chloroform: methanol mixture. The aortic cholesterol and DC 11) levels were determined in these lipid extracts. The aortic MDA levels 13) were measured in 10% (w/w) homogenates of the aorta as described for the liver.
Histopathological analyses. The aortas were dissected and fixed in a 10% buffered formalin solution, embedded in paraffin, sectioned and stained with hematoxylin and eosin for histological studies. Aortic atherosclerosis was determined from enlarged photographs as the percentage of the aorta covered with atherosclerotic plaque. 15) Statistical analyses. Each result is expressed as thee mean AE SD. A statistical analysis was performed by a one-way analysis of variance (ANOVA) which was followed by an assessment of least significant differences (LSD).
Results
The results are shown in Table 1 . The plasma and hepatic cholesterol and triglyceride levels as well as the aortic cholesterol level were higher in the HC group than in the control group. In addition, the MDA and DC levels were significantly higher in the plasma, liver and aorta after feeding the HC diet for 8 months. The increased plasma and liver cholesterol, triglyceride, MDA and DC levels fell significantly in the atherosclerotic rabbits that had been changed to the normal rabbit feed during the regression period. The aortic cholesterol, MDA (not significant) and DC levels also decreased in the atherosclerotic rabbits during the regression period. However, no significant differences apart from the liver MDA and DC levels were apparent between the regressed groups with and without taurine treatment. The liver MDA and DC levels were lower in the regressed rabbits with taurine treatment than in the Table 1 A normal aortic structure was seen in the control group ( Fig. 1/A) . Atherosclerotic plaque covered the intimal and medial layers in the aortic wall of the rabbits in the HC group (Fig. 1/B ). According to histopathological findings, we observed a slight retardation in these atherosclerotic lesions during the regression period, since the infiltration of tunica media with foamy histiocytes was not apparent during the regression period. Although there were no marked differences in histopathological findings between the taurine-treated and non-treated regressed groups, the extent of atherosclerotic lesions in the aorta were fewer in the taurinetreated regressed group (Fig. 1/D ) than in the nontreated regressed group (Fig. 1/C) . When the extent of atherosclerosis is expressed as the percentage of the aorta covered with atherosclerotic plague, 66:8 AE 8:9% (mean AE SD) of the aortic surface was covered with lesions in the HC group. Although the percentage of the aorta covered with plaque was 47:6 AE 6:7% in the regressed group, it was 29:6 AE 5:5% in the taurinetreated regressed group (Fig. 2) .
Discussion
Several studies have reported the effects of taurine on the cholesterol level and atherom plaque formation in animal models, but the results have not always been consistent due to differences in the experimental animals and conditions. These studies have usually been done to examine the preventive potential of taurine on the development of atherosclerotic lesions. Indeed, taurine inhibited the development of atherosclerotic lesions in rats, 16, 17) mice 5, 18) and rabbits 4,10) fed on a high-fat and/ or high-cholesterol diet. Some investigators have suggested that the antiatherosclerotic effect of taurine may be related to an improved serum lipoprotein profile as well as to vascular lipid accumulation in the experimental animals.
2,3,5,10, 16, 17) Several studies have suggested that taurine increased cholesterol elimination from the body by simulating bile acid synthesis.
2,3)
However, some investigators have reported that the preventive effect of taurine on the formation of atherosclerotic lesions may also be related to its antioxidative effect. On the other hand, there is no information in the literature as to whether taurine has any regressive effect on existing atherosclerotic lesions and oxidative stress in experimental animals fed on an HC diet. However, a taurine treatment has been observed to decrease existing aortic lesions and lipid accumulation, as well as lipid peroxide levels in the plasma and aorta without affecting the plasma cholesterol levels in apo-E deficient mice, 19) spontaneously hyperlipidaemic (SHL) mice 20) and Watanabe heritable hyperlipidemic (WHLL) rabbits, 21) all animal models with severe hypercholesterolemia and extensive atherosclerosis.
Cholesterol loading in rabbits is known to induce marked hypercholesterolemia and the formation of atherom plaque. 22) Cholesterol feeding also influenced the prooxidant-antioxidant status in these animals.
10, [23] [24] [25] It has been suggested that there was a close relationship between hypercholesterolemia and lipid peroxidation and that they played a complementary role in atherogenesis. 26, 27) In this study, typical atheromatous plaque as well as increases in the cholesterol and lipid peroxide levels in the plasma, liver and aorta were observed in the rabbits fed on the HC diet. These findings are in accordance with those of other investigators [23] [24] [25] and our earlier study. 10) In our present study, we observed that the lipid levels and prooxidative state in the plasma, liver and aorta declined slowly in atherosclerotic rabbits which had been changed to a normal rabbit diet during the regression period, as previously reported. [28] [29] [30] Although taurine did not affect the cholesterol accumulation or prooxidative state in plasma and aorta, the extent of atherosclerotic lesions in the aorta was less in the taurine-treated regressed group than in the non-treated regressed group. These results indicate that a taurine treatment may accelerate the regression of preexisting atherosclerotic lesions in rabbits fed on an HC diet. Each value is expressed as the mean AE SD for 5 rabbits per group. Differences among groups were investigated by ANOVA. After a significant ANOVA result, a comparison was made with the use of the least significant difference (LSD). Values not sharing a common supercript letter are significantly different (p < 0.05).
